A novel acidotolerant and moderately thermophilic sulfur-reducing bacterium was isolated from sediments of the Tinto River (Spain), an extremely acidic environment. Strain TR1
A novel acidotolerant and moderately thermophilic sulfur-reducing bacterium was isolated from sediments of the Tinto River (Spain), an extremely acidic environment. Strain TR1
T stained
Gram-negative, and was obligately anaerobic, non-spore-forming and motile. Cells were short rods (1.5-260.5-0.7 mm), appearing singly or in pairs. Strain TR1 T was catalase-negative and slightly oxidase-positive. Urease activity and indole formation were absent, but gelatin hydrolysis was present. Growth was observed at 20-52 8C with an optimum close to 50 8C, and a pH range of 3-7 with optimum between pH 6 and 6.5. Yeast extract was essential for growth, but extra vitamins were not required. In the presence of sulfur, strain TR1 T grew with acetate, formate, lactate, pyruvate, stearate, arginine and H 2 /CO 2 . All substrates were completely oxidized and H 2 S and CO 2 were the only metabolic products detected. Besides elemental sulfur, thiosulfate was used as an electron acceptor. The isolate also grew by disproportionation of elemental sulfur. The predominant cellular fatty acids were saturated components: C 16 : 0 , anteiso-C 17 : 0 and C 18 : 0 . The only quinone component detected was menaquinone MK-7(H 2 ). The G+C content of the genomic DNA was 34 mol%. The isolate is affiliated to the genus Desulfurella of the class Deltaproteobacteria, sharing 97 % 16S rRNA gene sequence similarity with the four species described in the genus Desulfurella. Considering the distinct physiological and phylogenetic characteristics, strain TR1 T represents a novel species within the genus Desulfurella, for which the name Desulfurella amilsii sp. nov. is proposed. The type strain is TR1 T (5DSM 29984
Respiratory growth with elemental sulfur has been reported for phylogenetically diverse micro-organisms. They belong to about 69 bacterial genera falling into nine phyla and 37 archaeal genera from two phyla (Florentino et al., 2016) . Sulfidogenic micro-organisms can be potentially applied for the treatment of acidic and metal-rich effluents from the mining and metallurgical industries (Johnson, 1998; Koschorreck, 2008) ; the sulfide that they produce can precipitate metals as insoluble metal sulfides that can be recovered. Bacteria that thrive at low pH are of special ecological and biotechnological interest due to their higher proton resistance. Sequences belonging to the sulfur-reducing genus Desulfurella have been detected in acid mine drainage environments (Brito et al., 2014; Sánchez-Andrea et al., 2011) . Selective enrichments for sulfur reducers at low pH using sediments from the acidic Tinto River led to the isolation of strain TR1 T (Florentino et al., 2015) , which is described and characterized here.
Sediment samples were collected in March 2013 from three sampling sites in the Tinto River basin. Briefly, strain TR1 T was isolated by combining growth on solid media with a serial dilution technique and addition of vancomycin. Details on the isolation process and basal media preparation can be found in Florentino et al. (2015) . Cell morphology, motility and spore formation were analysed using a phase-contrast Leica DM2000 microscope (Leica Microsystems) with an oil immersion objective. Gram-staining was performed according to standard procedures (Doetsch, 1981) and confirmed by checking the reaction of cells with 3 % (w/v) KOH. For scanning electron microscopy, a 3 % (v/v) solution of glutaraldehyde (Sigma Aldrich) in PBS was used to fix the cells for 24 h at 4 8C; afterwards samples were dehydrated in increasing concentrations of ethanol and air-dried. Cells were analysed using a JEOL JSM-6480LV microscope. For physiological analyses, strain TR1
T was grown in the basal medium supplemented with 5 mM acetate as carbon and energy source, and 25 mM elemental sulfur as an electron acceptor at pH 5 and at 30 8C. Agar roll tubes (0.8 % Agar noble; Difco) were prepared as described by Florentino et al. (2015) using colloidal sulfur as an electron acceptor. When molecular hydrogen was used as a substrate, the head space was filled with H 2 /CO 2 (80 : 20, v/v) . Different electron acceptors and donors were tested at final concentrations of 25 and 5 mM, respectively. The ability of the isolate to disproportionate elemental sulfur and thiosulfate was tested by adding elemental sulfur or thiosulfate (25 mM) to a medium free of electron donor. For these tests the head space was filled with N 2 /CO 2 (80 : 20, v/v). Growth of strain TR1
T was studied in a range of temperature from 15 to 60 8C, pH from 2.5 to 8.0 (in 0.5 pH intervals) and NaCl concentrations from 0.8 to 3.8 % (w/v) (in 0.5 % intervals). Dependence on vitamins and yeast extract was studied by removing them from the medium. The sensitivity of strain TR1
T to antibiotics was determined by addition of vancomycin, streptomycin, rifampicin, penicillin and chloramphenicol applied at 25, 50 and 100 mg ml
21
. All the tests were performed in triplicate. In all physiological tests, activity was followed by hydrogen sulfide measurements every 3 days during incubation and confirmed by comparison with the respective negative controls. Hydrogen sulfide was measured by a colorimetric method (Cline, 1969) . Liquid substrates were monitored using an LKB high-performance liquid chromatograph with a Varian Metacarb 67H 300 mm column and 0.005 M H 2 SO 4 eluent at a flow rate of 0.6 ml min 21 . Gaseous compounds (H 2 and CO 2 ) were determined with a Shimadzu GC-2014 gas chromatograph (Shimadzu) with a Molsieve 13X column, of 2 m63 mm (Varian), and a thermal conductivity detector set at 70 mA. Sulfate and thiosulfate concentrations were quantified using a Dionex ICS-1000 ion chromatograph equipped with an IonPac AS22 column and 4.5 mM carbonate/1.4 mM bicarbonate eluent at a flow rate of 1.2 ml min 21 (Dionex). Catalase activity was determined by reaction with a 3 % (w/v) solution of H 2 O 2 . Oxidase activity was determined using a filter saturated with a 1 % (w/v) solution of tetramethylp-phenylenediamine in DMSO (Sigma-Aldrich). Formation of indole and urease, and hydrolysis of gelatin and aesculin were determined with an API 20A system (bioMérieux). An aliquot of 5 ml was taken from a growth culture; the cells were washed and resuspended in the basal medium described and used to fill the strips. Analyses of fatty acids and respiratory quinones were performed by the Identification Service of the Deutsche Sammlung von Mikroorganismen und Zellkulturen. To establish a comparison of cellular fatty acid composition, strain TR1
T was grown in parallel with Desulfurella propionica, using the same medium containing 5 mM acetate and 25 mM elemental sulfur. The G+C content of the DNA was determined via genome sequencing (GATC-Biotech). Cloning of the 16S rRNA gene was performed to determine the phylogenetic affiliation of the isolate and the analysis was performed following the workflow described by Florentino et al. (2015) . The 16S rRNA gene sequence determined has been deposited in the EMBL database under accession number LN624414.
Cells of strain TR1
T stained Gram-negative, and reacted positively to KOH addition, confirming a Gram-negative cell-wall structure. Cells were motile short rods, 0.561.5-2 mm in size, and appeared singly or in pairs (Fig. S1 , available in the online Supplementary Material). Spores were never detected. Strain TR1
T was catalasenegative and slightly oxidase-positive (blue colour development took 60 min instead of 15 min). Urease activity and indole formation were absent, but gelatin hydrolysis occurred. Whitish colonies circular in shape (0.5-1 mm) and with regular edges were detected after 1 month of incubation in roll tubes.
The isolate grew in a range of temperature between 20 and 52 8C, with optimum close to 50 8C, and in a range of pH from 3 to 7, with optimum at pH 6-6.5. It was able to ferment pyruvate, with acetate, CO 2 and hydrogen as products, and to couple the oxidation of hydrogen, acetate, formate, lactate, pyruvate, stearate and arginine to the reduction of elemental sulfur, with H 2 S and CO 2 as the only products. Although elemental sulfur was the electron acceptor from which the highest concentration of sulfide and fastest growth were achieved, thiosulfate was also reduced by the isolate. Elemental sulfur was disproportionated, with production of 0.6 mM sulfate and 1.9 mM sulfide, in accordance with the expected stoichiometry of the disproportionation equation (1 : 3). The specific growth rate on acetate under optimal growth conditions was 0.0206 h 21 (generation time of 32.8 h). Growth occurred in the presence of up to 3.8 % (w/v) NaCl, with optimum growth between 0.3 and 0.8 % (w/v) NaCl. Strain TR1
T was able to grow in the presence of vancomycin and streptomycin at concentrations up to 100 mg ml
21
. The isolate presented weak growth in bottles supplemented with benzylpenicillin at 25 mg ml
. No growth was observed when chloramphenicol or rifampicin were added at any of the concentrations tested.
Major components in the fatty acid profile of strain TR1
T were mainly saturated fatty acids: C 16 : 0 (26.2 %), anteiso-C 17 : 0 (13.3 %) and C 18 : 0 (21.8 %). The cellular fatty acid profiles of strain TR1
T and one of its relatives (D. propionica) are shown in Table S1 . The only quinone component detected was menaquinone MK-7(H 2 ). The G+C content of the genomic DNA of the isolate was 34 mol% (Genome Online Database submission ID Ga0101804). Comparative analysis of the 16S rRNA gene sequence indicated that strain TR1 T represents a novel species of the genus Desulfurella, showing A. P. Florentino and others 97 % similarity with the type strains of the four recognized Desulfurella species. Although clustering with the described species in the genus Desulfurella, it formed a new branch point in the phylogenetic tree (Fig. 1) .
Characterization of strain TR1
T showed some interesting phylogenetic and physiological aspects of the isolate that differ from its relatives ( Table 1 ). The sulfur-reducing genus Desulfurella belongs to the family Desulfurellaceae (order Desulfurellales, class Deltaproteobacteria), which comprises two genera: Desulfurella (Bonch-Osmolovskaya et al., 1990) and Hippea (Miroshnichenko et al., 1999) . At the time of writing, the genus Desulfurella comprises four species with validly published names: Desulfurella acetivorans (Bonch-Osmolovskaya et al., 1990), Desulfurella kamchatkensis (Miroshnichenko et al., 1998) , Desulfurella multipotens (Miroshnichenko et al., 1994) and D. propionica (Miroshnichenko et al., 1998) , all sharing 99 % 16S rRNA gene sequence similarity. Despite these high 16S rRNA gene sequence similarities, they presented low levels of DNA-DNA hybridization (,70 %), which together with phenotypic features confirmed their separate species status (Miroshnichenko et al., 1998) . All described members in the genus are thermophiles with temperature optima between 50 and 60 8C, with minimum temperature for growth at 33 8C for D. propionica, and 40, 42 and 44 8C for D. kamchatkensis, D. multipotens and D. acetivorans, respectively. Recognized Desulfurella species are neutrophilic with pH optima between 6.4 and 7.2, and minimum pH for growth is 4.3 for D. acetivorans. Strain TR1
T was able to grow at a temperature as low as 20 8C and pH as low as 3, the lowest limits for described Desulfurella species. Strain TR1 T also presented 97 % 16S rRNA gene sequence similarity with the other members of the genus Desulfurella. Yeast extract is not required for the four described Desulfurella species, but it is required for growth of strain TR1 T . Another difference between strain TR1
T and the known Desulfurella species is the generation time at optimum conditions: 32.8 h for strain TR1 T , while the doubling times for D. acetivorans and D. kamchatkensis are 2 and 2.5 h, respectively, and for D. multipotens and D. propionica the generation time is 5 h.
Based on its distinctive phenotypic, genotypic and phylogenetic characteristics, strain TR1
T is considered to represent a novel species, Desulfurella amilsii sp. nov., within the genus Desulfurella.
Description of Desulfurella amilsii sp. nov.
Desulfurella amilsii (a.mils9i.i. N.L. masc. gen. n. amilsii of Amils, named after Ricardo Amils, a Spanish microbiologist, in recognition of his contribution to the understanding of Tinto River microbial ecology).
Cells are rod-shaped (0.5|1.5-2.0 mm), appearing singly or in pairs, and motile. Cells stain Gram-negative and are strictly anaerobic. Catalase-negative and slightly oxidasepositive. Urease activity and indole formation are absent, but gelatin hydrolysis occurs. Colonies are whitish, circular, opaque with entire margins and 0.5-1.0 mm in diameter after 1 month of incubation. The temperature range for growth is 25-52 uC, with optimum close to 50 uC. The pH range for growth is 3-7, with optimum pH 6-6.5. NaCl is tolerated at a maximum of 3.8% (w/v Rabus et al. (2006) . DData from this study.
